A novel third generation biosensor was developed based on one-shot adsorption of chemically modified cytochrome c (cyt c) onto bare gold electrodes. The introduction of short-chain thiol derivatives (mercaptopropionic acid, MPA) on the lysine residues of cyt c enabled the very fast formation (<5 min) of an electroactive biological self-assembled monolayer (SAM) exhibiting a quasi-reversible electrochemical behavior and a fast direct electron transfer (ET). The high value estimated for the heterogeneous ET rate constant, k s = 1600 s -1 , indicates that short anchors might facilitate the ET via an efficient orientation of the heme pocket. In comparison, no direct ET was observed in the case of native and long-anchor modified (mercaptoundecanoic acid, MUA) cyt c adsorbed on gold. The so-made amperometric biosensor enabled real-time and non-invasive detection of extracellular H 2 O 2 released by unicellular aquatic microorganisms Chlamydomonas reinhardtii as a consequence of cadmium-induced oxidative stress.
: Cyclicvoltammograms obtained for native cyt c (A), MPA-cyt c (B) and MUA-cyt c (C) adsorbed onto bare gold electrodes in the absence (1) or presence (2) of "in situ" generated gold nanoparticules. (Right) Schematic representation of cyt c adsorbed on gold. Experimental conditions: Scan rate 0.05 V s -1 ; PBS as supporting electrolyte; reference electrode: Ag/AgCl. Finally, the as-prepared electrode poised at E app = -0.15 V (vs. Ag/AgCl) was used to detect endogeneous H 2 O 2 produced and released by phytoplanktonic cells, Chlamydomonas reinhardtii, upon addition of 1 μM of Cd(II). The progressive increase of the cathodic current provides evidence of the presence of H 2 O 2 that oxidized MPA-cyt c at the electrode surface ( Fig. 3) . Such an easy-to-make biosensor is an adapted tool for non-invasive and real-time detection of extracellular H 2 O 2 that can be used as a measure of the oxidative status in aquatic microorganisms.
